Ribulose-1,5-bisphosphate carboxylase/oxygenase, catalase, glycolate oxidase, and hydroxypyruvate reductase activities on a protein and fresh weight basis were measured over seven stages of tomato fruit development and ripening. Ribulose-1,5-bisphosphate carboxylase decreased steadily during fruit development from 23 ± 8 nmoles per minute per milligram protein at the mature green stage to 13.4 ± 2 at the table ripe stage. There was no change in partially purified preparations of the enzyme in the ratio of carboxylase to oxygenase activity, which was about 10. Catalase activity reached a maximum during the climacteric,.simultaneously with increased ethylene and CO2 formation. Glycolate oxidase activity decreased during early stages of development and was barely detectable at the climacteric. Hydroxypyruvate reductase, associated with serine formation by the glycerate pathway, increased in specific activity during early stages of tomato fruit ripening. In the fruit of the rin tomato mutant, which does not ripen normally, none of these changes in enzyme activity occurred.
During the climacteric period of tomato fruit ripening, CO2 evolution and 02 consumption increase 5-to 6-fold (3, 10, 18) .
Inasmuch as ripening can be delayed by decreasing 02 to 5% or increasing CO2 to 4% in the atmosphere (22) , the activities of various oxidases have been investigated during fruit development. Lipoxygenase increases (19) and polyphenol oxidase decreases (14) in ripening tomatoes. Peroxidase increases in preclimacteric mangoes treated with ethylene (20) . Microbodies or peroxisomes have been observed in tomato fruit (1) , and peroxisomal catalase, which can act as a peroxidase (11) , increases in activity in tomato (1) , pear (5, 6) , and apple (7) during ripening and can be induced by ethylene to increase in activity in preclimacteric mango (20) . Glycolate metabolism, similar to that in leaf peroxisomes (24) , has been proposed to be associated with the climacteric respiration in tomatoes (4) and pears (5) . On a Chl basis, tomato fruit have substantial ribulose-P22 carboxylase/oxygenase in the outer wall of the pericarp (4, 15) , and whole fruit flx CO2 by both this enzyme and P-enolpyruvate carboxylase (8) . The oxygenase function of ribulose-P2 carboxylase/oxygenase in crude extracts from tomato fruit has been reported to increase relative to carboxylase activity during ripening (4) , and glycolate has been observed to accumulate in tomatoes (4) and in strawberries and cherries (13) Ethylene and CO2 evolution were measured by placing fruit in sealed jars equipped with a septum, for I h and taking l-ml air samples with a gas-tight syringe. The samples were injected in a Varian gas chromatograph equipped with a 90-cm alumina column, and the C2H4 was quantitated by peak height. CO2 evolution was measured by injecting samples into a Beckman CO2 analyzer which measured IR absorbance.
Because substances are present in extracts of tomatoes which severely interfere with the standard Lowry procedure (17), protein concentration was determined by a modified Lowry method (2), which involved quantitative precipitation of the protein from the homogenates.
RESULTS
Peroxisomal Enzymes. Activities of the peroxisomal enzymes, catalase, glycolate oxidase, and hydroxypyruvate reductase, were measured at various stages of fruit development. The results are expressed on a protein basis (Fig. 1) and a fresh weight basis (Fig.  2) . The data points show mean and standard deviation for the four stands of vines grown over the 2-year period. Standard deviation within one growth period was considerably less than the over-all standard deviation shown for the whole project.
Catalase activity increased to a maximum at the light pink stage (V) after which it decreased during final maturation. This increase in catalase activity at stages IV and V occurred at the climacteric when ethylene production and CO2 evolution also increased, although protein in the ripening fruit had already reached minimal concentrations (Fig. 3) . These results confirm those previously reported by Baker (1) . The rin mutant tomato, which does not ripen normally or go through climacteric ethylene production (10), did not exhibit an increase in catalase activity at stages IV and V, although the parent variety did so (Fig. 4) The activity of hydroxypyruvate reductase on a protein basis reached a maximum at stages III and IV for mature green fruit entering the breaker stage (Fig. 1) . This increase in hydroxypyruvate reductase activity was much less, or not evident, on a weight basis (Figs. 1 and 2 ) due to the rapid decrease in protein content during this period (Fig. 3) .
Changes in Ribulose-P2 Carboxylase/Oxygenase. Sufficient carboxylase activity was present in crude extracts of green tomato fruit grown in the summer for reliable assays. The specific activity of ribulose-P2 carboxylase in the mature green fruit stage (III) was 23 + 8 nmol min-m mg protein-'. Activity declined to 16 ± 4 at the breaker stage (IV) and to 13 ± 2 at the table ripe stage (VII) . The values were 20-to 50-fold less than ribulose-P2 carboxylase activities of approximately 600 nmol min-' mg protein-' found in crude extracts of the leaves. Purified preparations of the enzyme from spinach leaves have specific activities ranging from 1,500 to 2,000 nmol min-' mg protein'-. In fruit grown in the greenhouse in the winter, lower specific activities were observed than for fruit from the summer period.
In crude extracts of tomato fruit, assays for ribulose-P2 oxygenase activity were unreliable for two reasons. There was insufficient activity, and the endogenous rates were so high that ribulose-P2-dependent oxidation was too small relative to the endogenous rate to be measured accurately. It was necessary to make an ammonium sulfate fractionation of the extracts from tomato fruit in order to eliminate the endogenous rate and to concentrate the protein for accurate measurements of the oxygenase activity. The ratio of ribulose-P2 carboxylase to ribulose-P2 oxygenase activity in the (NH4)2SO2 preparation from tomato fruit was approximately 10 and did not significantly change at different stages of fruit development. The ratio was the same as in pure enzyme preparations from tobacco and spinach leaves that were used as standards for comparison.
DISCUSSION
Ribulose-P2 carboxylase/oxygenase was present in extracts from the outer wall of the pericarp of tomato fruit as observed by other investigators (4, 15) . The specific activity of ribulose-P2 carboxylase/oxygenase in green tomato fruit was low and declined further with fruit ripening. It is unlikely that this low activity could account for the large change in respiration during the climacteric. No difference in the ratio of the carboxylase to oxygenase activity was detected at different stages of development by our preparation and assay conditions, and the ratio of 10 was the same as for the purified enzyme from tobacco and spinach leaves.
While tomato fruit contain catalase and glycolate oxidase, indicative of the glycolate pathway of photorespiration, the low and declining activity of ribulose-P2 carboxylase/oxygenase during fruit maturation and ripening suggests that this pathway could have little effect on the climacteric respiration. In fact, actual ribulose-P2 oxygenase activity in vivo might even be less at the climacteric than in our assay, because of high internal CO2 which would inhibit the oxygenase activity. Glycolate oxidase activity at the climacteric had reached its lowest level of activity.
Catalase activity in the fruit did not decrease and in fact increased in specific activity during the climacteric. However, nothing in our data indicates that this increase in catalase could be associated with increased H202 production from glycolate oxidation.
Contrary to the decrease in glycolate oxidase during fruit development, hydroxypyruvate reductase, associated with the glycerate pathway in the peroxisomes for serine formation and metabolism, increased during the mature green stage and remained high in the breaker stage. An increase in hydroxypyruvate reductase was not observed in the nonripening rin mutant (Fig. 4) . Hydroxypyruvate reductase is found in leaf peroxisomes (23) and is presumed to be located in the peroxisomes of the tomato fruit. Some increase in specific activity of hydroxypyruvate reductase before the climacteric might maintain serine and glycine production by the glycerate pathway during ripening (24) at a time when glycolate oxidase activity was decreasing. This increase in hydroxypyruvate reductase might account for the large pool of serine present in the breaker stage fruit (9, 25) . Serine, aspartate, and glutamate are the only amino acids to increase during this period, and serine added to apple discs at the climacteric hbits ethylene production (16) . There is no suggestion in the literature that serine synthesis in leaf peroxisomes could account for an increase in catalase, which might have been expected to decrease, since the glycerate pathway is not known to involve H202 production. 
